Tiletamine does not relax the muscles or affect the cranial nerve and spinal reflexes; however, the addition of zolazepam results in muscle relaxation. This combination is commonly used as part of the anesthetic management of domestic animals (19) . Xylazine has been combined with tiletamine-zolazepam (TZ) to enhance its anesthetic and analgesic effects (25) . The effects of anesthetics on cardiovascular and respiratory functioning have been extensively studied. However, limited information is available regarding the effects of anesthetics on the biochemical parameters of rabbits (10) .
Effects of xylazine-ketamine (XK) on the liver and kidney (11) and that of xylazine-TZ (XTZ) and TZ on the kidneys (2, 25) of rabbits have been studied. However, to our knowledge, no study has compared the effects of XK, XTZ, and TZ on the anesthetic, hematological, liver, and renal parameters. Thus, we aimed to investigate these effects in rabbits that have an important place in experimental animals. The study objectives included the evaluation of the anesthetic effects of XK, XTZ, and TZ together using hematological and some biochemical parameters in rabbits.
Material and methods

Animals.
Eighteen clinically healthy, local-breed, adult male rabbits weighing 2.20-2.85 kg were used. The animals were maintained in individual cages for at least 14 days before the experiments for acclimatization where they were fed commercial pellet food (Purina ® ) and fresh water ad libitum. Food, but not water, was withheld for at least 12 h before the experiments. Experiments were performed during the light phase of the cycle (between 09:00 and 12:00 hours). The study was conducted after the study protocol was approved by the ethical committee of the Faculty of Veterinary Medicine, University of Yuzuncu Yil.
Experimental design. The rabbits were randomly assigned to either of the following three treatment groups (n = 6 per group): XK, XTZ, and TZ groups. In the relevant groups, xylazine (Rompun ® , Bayer), ketamine (Ketamidor ® , Richterpharma), and TZ (Zoletil ® , İ.E. Ulugay) were administered intramuscularly at doses of 5 mg/kg, 50 mg/ kg, and 15 mg/kg, respectively. Anesthesia evaluation. Following the injection, the anesthesia depth was monitored based on the pedal withdrawal, ear pinch, and righting reflexes every 5 minutes. Induction time was determined as the time between the injection and the loss of righting reflex. Ear pinch reflex was assessed as a reaction to the pinching of the pinna with the thumb and the index finger. The pedal withdrawal reflex was evaluated as the withdrawal of the pelvic limb in response to pinching one digit with the thumb and the index finger. Recovery from anesthesia was evaluated as the ability of the animal to regain the righting reflex.
Cardiorespiratory rate and body temperature detection.
Heart rate, respiratory rate, and body temperature were monitored before the injection (0 min) and at 5, 15, 30, 45, 60, 75, 90 , and 120 min after the injection of the anesthetic. The heart rate was determined using a stethoscope placed at the lower left lateral thoracic wall; the respiratory rate was visually counted, and body temperature was measured using a digital rectal thermometer.
Hematological analyses. Blood samples were collected in ethylenediaminetetraacetic acid tubes from the central ear artery using 21-gauge needles just before administering the injection (0 min), and at 60 and 120 min after injection. Complete blood counts were assessed immediately after blood collection using a hematology analyzer (QBC vetautoreader ® -IDEXX). Biochemical analyses. Blood samples were drawn from the central ear artery using 21-gauge needles before injection (0 min) and at 60 min and 1, 3, and 5 days after injection for biochemical analyses ( at 1200 × g and 4°C for 20 minute, and the serum was separated and stored at -20°C until biochemical analyses. Serum ALP, ALT, AST, bilirubin, BUN, and urea were analyzed using a commercially available assay kit (ALP, ALT, AST, bilirubin, BUN and urea) with a spectrophotometer (Photometer 5010 ® -Boehringer Mannheim). Statistical analyses. Among the different groups, each parameter was compared using independent-samples t test. Within the same group, the changes in the value of each parameter after the anesthetic injection were compared using paired-samples t test. For all statistical comparisons, differences were considered significant when p value was < 0.05. The calculations were performed utilizing SPSS software. All values are presented as means ± standard deviations (SD).
Results and discussion
The data regarding anesthesia induction are presented in Tab. 1. There was no significant difference between the groups with regard to the induction time (p > 0.05) (Tab. 1). The ear pinch and pedal withdrawal reflexes were lost in the XK and XTZ groups, but not in the TZ group during anesthesia induction. The duration of loss of the ear pinch and withdrawal reflex was significantly greater in the XTZ group than in the XK group (p < 0.001). The recovery time was longest in the XTZ group (115.50 ± 9.26 min), followed by that The heart rate and respiratory rate of rabbits are shown in Tab. 2. Compared to the baseline values, the heart rate decreased at 15-120 min in the XK group (p < 0.05-0.01) and at 30-120 min in the XTZ group (p < 0.05-0.01). No change in the heart rate was observed following TZ administration. The lowest values of heart rate were for the XTZ group at the 120 th minute and in the XK group at the 75 th minute (Tab. 2). The respiratory rate decreased compared to the baseline values in all the anaesthetized groups. Compared to the baseline values, the respiratory rate was decreased at 5-120 min in the KX and XTZ groups (p < 0.05-0.01) and at 15-60 min in the TZ group (p < 0.05-0.01). The lowest values of respiratory rate were at 60 min (93.75 ± 2.39) in the TZ group, 30 min (57.00 ± 1.22) in the XK group, and 45 and 60 min (48.00 ± 2.70) in the XTZ group (Tab. 2).
Values for the body temperature of the rabbits are given in Tab. 3. Compared to the baseline values, the body temperature decreased at 30-120 min in the KX group (p < 0.05-0.01), and at 45-120 min in the XTZ group (p < 0.05-0.01). In all the groups, the lowest body temperature values were recorded at the 90 th minute (Tab. 3).
There was no statistically significant difference in the hematological parameters during anesthesia among the anesthesia groups (p > 0.05). Biochemical parameters of the rabbits are given in Tab. 4. Serum AST levels increased during anesthesia in the XTZ group compared to that in the XK group. On the first day after anesthesia induction, the ALP levels increased more in the XTZ group than in the TZ group. However, the increases in the AST and ALP levels were determined to be within the reference values (15) . Serum BUN and urea levels in the XTZ group significantly increased after anesthesia induction compared to that before anesthesia induction. Moreover, there was a significant increase in the serum BUN in the XTZ group compared to that in the XK and TZ groups after anesthesia was administered (p < 0.05).
In this study, anesthesia evaluation was performed based on reflex examinations without any surgical intervention. The mean induction times in rabbits vary between 2.5 and 4.6 min subsequent to the injection of XK, TZ, and XTZ combinations at different doses (1, 8, 16, 22, 25) . The duration of anesthesia was reported to be 67.7 minutes for rabbits administered TZ (8), 61.4--109.5 min. for those administered XK (1, 22, 25) , and 104.6-125.5 min for those given XTZ (2, 8, 25) . In the present study, induction was achieved most quickly in the XTZ group (2.71 ± 0.81 min), followed by that in the TZ (2.96 ± 1.36 min) and XK groups (3.03 ± 1.05 min) (p > 0.05). After the evaluation of the total duration of anesthesia, the longest anesthesia duration was for the XTZ group (115.50 ± 9.26 min) followed by that for the XK (80.35 ± 10.41 min) and TZ groups (61.15 ± 6.95 min) (p < 0.001) (Tab. 1). The findings of the present study are consistent with previous reports (1,  2, 8, 16, 22, 25 ). The surgical anesthesia duration starts with the disappearance of the ear and pedal withdrawal reflexes and ends with the return of these reflexes (33) . It was reported that ear pinch and pedal withdrawal reflexes disappeared, and surgical anesthesia was performed in rabbits anesthetized with the XK (4 mg/kg + 50 mg/kg) and XTZ (3 mg/kg + 30 mg/kg) combinations (17) . Studies have reported that reflexes do not disappear in rabbits anesthetized with 20 mg/kg TZ (8) or in those given 32 mg/kg and 64 mg/kg TX (2); therefore, no surgical anesthesia occurred. In the present study, the disappearance time of ear and pedal withdrawal reflexes was longer in the XTZ group than in the XK group (p < 0.001) (Tab. 1). Surgical anesthesia and analgesia with adequate muscle relaxation were believed to have been achieved in the XK and XTZ groups. Furthermore, the fact that the duration of anesthesia in the XTZ group was longer than that in the XK group confirmed that tiletamine is 2-3 times more effective as an anesthetic agent than ketamine (20) . Further, the reflexes did not disappear during the anesthesia induction; therefore, sufficient muscle relaxation and analgesia were not achieved in the TZ group (Tab. 1). This finding regarding the TZ group was consistent with previous reports according to which TZ produces a superficial anesthesia effect in rabbits and is unsuitable for painful surgical manipulations (8) . In rats, it is recommended that TZ be used in combination with an alpha-2 adrenoceptor agonist, such as xylazine, or an analgesic, such as butorphanol, to produce an appropriate analgesic effect necessary for surgical procedures (31) . Consistent with the findings of Wilson et al. (31) , the present study showed that the use of TZ in combination with an alpha-2 adrenoreceptor agonist, such as xylazine, could be appropriate for achieving adequate analgesia in rabbits.
Tab. 2. Heart rate and respiratory rate at various times in the xylazine-ketamine (XK), xylazine-tiletamine-zolazepam (XTZ), and tiletamine-zolazepam (TZ) groups (x ± SD, n = 6)
It has been reported that in rabbits anesthetized with different doses of XK, (3 mg/kg + 10 mg/kg intravenous (25) , both the respiratory rate and heart rate decreased and that XK anesthesia caused respiratory depression, bradycardia, and hypotension (10, 11, 17, 25, 33) . In a study on rabbits, the XK combination (5 mg/kg + 50 mg/kg) reduced the respiratory rate without a significant change in the heart rate compared to the pre-anesthetic values (16) . In another study, a combination of XK (5 mg/kg + 35 mg/kg) increased the respiratory rate, while it exerted no significant effect on the heart rate. The increased respiratory rate was attributed to the anesthesia attempt and to the increasing oxygen demand of the rabbit in during the anesthesia (22) . In the present study, it was determined that due to XK (5 mg/kg + 50 mg/kg) IM administration the respiratory rate and the heart rate started to decrease in comparison to baseline values, in the following 5 th and 15 th minutes, respectively, and continued to decrease during the anesthesia (Tab. 2). The results of the present study are consistent with the majority of previous reports on this subject (10, 11, 17, 25, 33) , and we hypothesize that the decrease in heart rate resulted from the decreased sympathetic activity and increased vagal activity due to xylazine (12) , while the decrease in respiratory rate was due to both the moderate respiratory depressive effects of ketamine (29) and xylazine-induced vasoconstriction or slowed pulmonary blood flow (12) . It was stated that in rabbits the XTZ combination (5 mg/kg + 15 mg/kg) decreased the respiratory rate after atropine premedication; however, the reduction was not significant, and there was no significant change in the heart rate compared to the pre-anesthesia values (16) . Another study reported that rabbits anesthetized with the same dose of XTZ combination developed cardiovascular and respiratory depression, and the respiratory rate was decreased (25) . Moreover, the XTZ combination reportedly causes hypotension, bradycardia, and respiratory depression in rats (32) . The potential underlying cause of these effects was believed to be the depressive effect of xylazine on the heart and arterial blood pressure, and the combination, via the addition of xylazine to the TZ combination, exerted a strong cardiovascular depressant effect (25, 32) . The present study established that the XTZ combination (5 mg/kg + 15 mg/kg) significantly reduced both the heart rate and respiratory rate in rabbits (Tab. 2). Such an effect of XTZ was also reported in several preceding studies (25, 32) ; however, the present results displayed dissimilarities with other studies (16) . This could be because xylazine combined with TZ probably induced a dominant effect on the sympathetic stimulus effect (14) of tiletamine.
Tab. 4. The mean (± SD) serum ALT, AST, ALP, bilirubin, BUN and urea concentrations at various times in the xylazine-ketamine (XK), xylazine-tiletamine-zolazepam (XTZ), and tiletamine-zolazepam (TZ) groups (x ± SD)
A 15% decrease in the heart rate compared to the pre-anesthesia rate was reported in rats administered a high dose of TZ (32 mg/kg and 64 mg/kg) for both doses; this reduction could be explained by the negative chronotropic effect of TZ on the cardiovascular system (2). It was stated that a superficial anesthesia was formed in anesthetized rabbits with TZ (20 mg/ kg), the heart rate was increased, and this increase was induced both by the sympathetic stimulation effect of tiletamine and the minimal cardiovascular effect of zolazepam. It was also reported that the increase in heart rate could be related to the superficial anesthesia (8) . Further, the heart rate was slightly affected and hypertension, a cardio-stimulant effect of dissociative anesthetics, was observed in rats anesthetized with TZ (32); there were minimal changes in the respiratory rate (5). In another study on rabbits, the heart rate and respiratory rate were significantly altered compared to the baseline value after TZ administration (27) . In the present study, the heart rate remained unaltered from the control values, and there was a short-term reduction in the respiratory rate of rabbits given TZ (15 mg/kg) (Tab. 2). This indicated that the lack of change in the heart rate was due to the tiletamine-stimulated sympathetic activity (14) and that the short-term decrease in the respiratory rate was due to the moderate effect of tiletamine (29) and the minimal effect of zolazepam on the respiratory system.
In a study that focused on the anesthetic effects of XK and XTZ combinations in rabbits, both combinations caused respiratory depression; however, the depressive effect of the XTZ combination was significantly higher than that of XK, and the excessive depressive activity was induced by xylazine (25) . It was indicated that the heart rate in rabbits anesthetized with TZ (20 mg/kg) and XTZ (3 mg/kg + 20 mg/kg) was significantly higher in the TZ group. Xylazine reportedly decreased the respiratory and heart rates and arterial blood pressure in the XTZ group due to its depressive effect on the respiratory and cardiovascular system (8) .
In the present study, the most severe depressive effect on the heart rate and respiratory rate was induced by the XTZ combination, followed by that exerted by the XK combination (Tab. 2). The TZ combination had no depressive effect on the heart rate and caused a short depressive effect on the respiratory rate.
Several studies have reported no significant changes in the body temperatures of the rabbits anesthetized with XK (10), XTZ (16) , and TZ (27) in comparison to the pre-anesthetic values. In addition, another study indicated that, owing to the administration of alpha-2 adrenoceptor agonists, the rectal temperature dropped due to thermoregulatory control loss after injection (27) . In the present study, the body temperatures started to decrease after the 30 th to 45 th minutes of administration for all combinations and remained lower than the control values until the end of the anesthesia effect (Tab. 3). We hypothesize that this decrease in body temperature is due to the fact that anesthetic agents cause the thermoregulatory center to depress (18) and the animal remains immobilized during the anesthesia (24, 26) . We think that the depressive effect of xylazine on the CNS (26) and the hypothermic effect of animals with a small surface area of TZ (24) are also effective in decreasing body temperature in rabbits.
A previous trial reported no significant change in the hematological parameters of rabbits anesthetized with a high dose of TZ (32 mg/kg and 64 mg/kg) (2). XK (3 mg/kg + 10 mg/kg [IV]) reportedly had no significant effect on the hematological parameters of rabbits (10) . Moreover, the XTZ combination had no significant effect on the hematological parameters of gazelles (34) . Xylazine has also been reported to have no effect on the whole blood values of pigs (4) . In keeping with these reports, the present study also showed that none of the combinations caused significant changes in the hematological parameters of rabbits (2, 4, 10, 34) .
It was reported that the XK combination increases the levels of ALT, AST, and BUN in rabbits; however, these values return to normal after 24 hours, and vari-ous anesthetic agents are reported to affect the serum enzyme and biochemical parameters (9, 10) . XK is believed to increase the serum AST/ALT concentration in laboratory animals without causing any histopathological disease in the liver and the peritoneum. The potential cause for these increases was believed to the damage to the muscle tissue during the injection of the anesthetic material (30) . Although plasma AST, ALP, and ALT concentrations were increased in rabbits anesthetized using XK (3 mg/kg + 10 mg/kg [IV]), this increase was reportedly normal for these species. The same study indicated that plasma BUN and creatinine concentrations increased until the 120 th minute of anesthesia induction (10, 11) . In the present study, the XTZ group exhibited greater increases in the serum AST concentration than the XK group, and the serum ALP concentration increased more than in the TZ group. However, these increases were insignificant for the intra-group statistical evaluations (Tab. 4) and were within the reference value range (15) . Furthermore, the serum enzyme activities should increase approximately 3 times that of the baseline values for diagnostic significance (28) . Therefore, such increases were diagnostically insignificant and could be interpreted as the reflection of minimal metabolic effects of the anesthetic agents.
In a study that investigated the nephrotoxic effects of tiletamine and zolazepam, tiletamine, at a dose of 32 mg/kg, increased the serum BUN and creatinine levels; renal tubular necrosis was determined histopathologically. However, 7.5 mg/kg tiletamine administration only caused mild nephrosis, identified histopathologically (6) . In rabbits anesthetized with various doses of TZ (32 mg/kg and 64 mg/kg), those administered high doses had abnormal post-anesthesia increases in the serum BUN and creatinine levels until the 6 th day and had diffuse nephrosis in the kidneys histopathologically; those administered low doses had multifocal nephrosis, and tiletamine was identified as a potential cause for the nephrotoxic formation in rabbits (2) . In the present study, no significant changes in the post-anesthesia serum creatinine and BUN concentrations were observed in rabbits anesthetized with the TZ combination until the 5 th day (Tab. 4). Hence, both low doses of TZ (15 mg/kg) and increased glomerular filtration rate and blood flow in the kidneys (21) induced by hypertension because of the cardiovascular stimulant effect of tiletamine (5, 32) possibly prevented the potential nephrotoxic effect of TZ, given that high doses of TZ (32 mg/kg and 64 mg/kg) are known to exert nephrotoxic effects (2, 6) . Effective surgical anesthesia was achieved in rabbits administered xylazine (5 mg/kg) and TZ (15 mg/kg), and no significant nephrotoxic effect following 7 days after injection was reported for the serum creatinine and BUN levels (25) . In the present study, significant increases were observed for the serum creatinine and BUN concentrations compared to the pre-anesthesia values and compared to that in the TZ and XK groups in rabbits anesthetized with the same dose of XTZ (5 mg/kg xylazine and 15 mg/kg TZ) until the 5 th post--anesthetic day (Tab. 4). Therefore, we can conclude that xylazine added to TZ could be associated with a possible increase in the nephrotoxic effects of TZ, as reported by several researchers (2, 6), causing hypotension, reducing cardiac output (4, 29) , and reducing the glomerular filtration rate and blood flow in the kidneys (21) .
Thus, although XK reduced the heart rate and respiration rate in rabbits, XK can be recommended as an anesthetic combination in rabbits owing to its adequate analgesic effect and the surgical anesthesia duration. The TZ combination is advisable only in painless surgical manipulations in rabbits because it does not provide adequate analgesic effect, muscle relaxation, and surgical anesthesia duration. Although the XTZ combination provided adequate analgesia, muscle relaxation, and surgical anesthesia duration in rabbits, it was found to exert a nephrotoxic effect due to the increased serum creatinine and BUN concentrations; thus it was not considered as an appropriate combination of anesthesia for renal invasive procedures and/ or experimental nephrotoxicity studies.
